((GFP + Fos + )/((GFP + )+(Fos + )-(GFP + Fos + ))×100 was calculated as previously described 1 0 9 (Cowansage et al., 2014; Milczarek et al., 2018) . Data was normalized to the mean of the representations of object location memory in order to identify possible correlates of cognitive learning-dependent expression of HA-tagged GFP (Sorensen et al., 2016) ( Figure 1A ). We 1 2 7 6 have previously confirmed that this tool reliably tags the DG neuronal ensembles associated 1 2 8
with object location memory (KGK, AMMO, unpublished findings). First, we stereotaxically 1 2 9 delivered recombinant adeno associated viruses (rAAVs) containing the RAM-HA-GFP viral 1 3 0 construct into the DG of young-adult (2 months old) or aged (18-20 months old) mice.
Through the removal of doxycycline diet, we tagged the neuronal population activated during 1 3 2 object location training ( Figure 1A ). When tested 24 h after training all young adult mice 1 3 3 displayed higher than chance (50%) preference for the displaced object ( Figure 1B) , showed preferences closer to chance level ( Figure 1B ). To be able to characterize the aged 1 3 7 population according to individual differences in cognitive performance, we sorted the aged 1 3 8 group into aged impaired (AI) and aged unimpaired (AU) based on the mice's long-term 1 3 9 spatial memory scores ( Figure 1B ). Aged mice displaying preferences for the displaced 1 4 0 object lower than one standard deviation from the mean of young mice (65%, represented 1 4 1 with a dashed line in Figure 1B ) were considered impaired. Importantly, we confirmed that all coexpressing HA-GFP + and Fos + represented the population active in both episodes, i.e., memory recall ( Figure 2B ) or after learning ( Figure 2C ) was not statistically different between 1 5 7 the three groups. Interestingly, we found that AI mice exhibited reduced recall-driven 1 5 8 reactivation of the neuronal population activated by learning in the DG compared to young or 1 5 9 AU mice ( Figure 2D ). The reactivation rates observed in the DG of young and AU mice were 1 6 0 similar ( Figure 2D ). Notably, the impaired reactivation rate was specific for the neuronal 1 6 1 ensembles located in the upper, but not the lower, blade of the DG in AI mice ( Figure 2D ). reinstated equally in all of the three groups at memory recall, we applied a second formula, 1 6 4 the similarity index. We observed the same selective impairment in AI mice ( Figure 2E ). blade correlates with memory performance in aged mice. For this, we performed Pearson 1 7 1 correlation analysis between LTM performance and reactivation rate in the aged population 1 7 2 (i.e., pooled data of AI and AU mice). Remarkably, we found a significant positive correlation 1 7 3 between the rate of neuronal ensemble reactivation in the upper blade of the DG and the 1 7 4 memory score of the mice ( Figure 2F ). Such a correlation was not present for the lower blade 1 7 5 of the DG ( Figure 2G ), nor for the total DG ( Figure 2H ). Overall, these results demonstrated reactivation during the recall of LTM. In this study, we tagged the neuronal ensemble formed during a spatial recognition task in 1 8 1 the DG of young, aged-impaired and aged-unimpaired mice and identified a cellular correlate 1 8 2 of cognitive performance in aged mice. We showed that cognitively impaired aged mice 1 8 3 8 exhibit impairments in recruiting the original memory engram at long-term spatial memory 1 8 4 recall compared to young or cognitively unimpaired aged mice. We further showed that the 1 8 5 degree of engram reactivation correlates with the strength of LTM in the aged population.
We focused on long-term object location memory which has previously been shown to be showed that neuronal reactivation upon short-term re-exposure to a previously visited 1 9 2 context is reduced in the DG, but not CA1, of aged compared to young adult mice, 1 9 3
suggesting that impairments in neuronal reactivation may be associated with cognitive with the performance in the same task. We found that aging-related impairments in long-term 1 9 7 object location memory are not associated with the size of the DG neuronal population These reports indicate that the sparse population of DG upper blade neurons form the spatial 2 0 7 memory neuronal ensemble. Therefore, it may be expected that alterations in ensemble 2 0 8
dynamics are specific to this subregion. Finally, our findings showed a positive correlation t  e  i  j  a  e  r  t  ,  M  .  N  .  ,  L  a  u  ,  D  .  ,  S  c  h  u  t  z  ,  G  .  ,  D  e  l  u  c  i  n  g  e  -V  i  v  i  e  r  ,  C  .  ,  D  e  s  c  o  m  b  e  s  ,  P  .  ,  B  a  d  i  n  g  ,  H  . , 2 0 0 7 .
